Abstract. Steady and rapid development of smart grid provides necessary technical support for the intelligent control of electric vehicle (EV). In this paper the private EV is taken as the research subject, an EV direct intelligent management system considering various realistic factors is proposed, charging load profile is established by Monte Carlo sampling method. Then the 0-1 mixed integer programming optimization model is formulated to minimize the users' electricity cost and variance of system load. The EV night-charging in some district is researched as an example and the control effectiveness of different control strategies is analyzed. The results show that the two control strategies are both conducive to flattening the load curve, and the strategies improve the system operation efficiency and security and reduce the user's electricity cost.
Introduction
EVs own lots of advantages compared to traditional oil-fueled vehicles, such as it is environment-friendly, especially its "zero emissions" characteristics is highly respected by people. When the number of EVs develop to a certain high level, the uncontrolled charging efficiency is considerable, which will produce serious influence on the safety and stable operation of power grid. The development of smart grid provides technical support for the reasonable control of the charging and discharging behavior of EVs.
Demand response(DR) programs are implemented to reduce the user's cost and improve the stability of grid operation [1] . EVs are in suspended state more than 90% of the time per day, which has huge potential in joining DR, most recently quite a few works are dedicated to studying about this. Literature [2] took the British grid which absorbs high permeability of new energy as an example, investigated the ability of EV supporting the power grid considering variable factors such as weather, on the influence of the new energy output. Literature [3] analyzed the effectiveness of different modulation means from charging fees and impact on the grid through the control of EV charging process by DR means in parking lot according to the high population density of Singapore, and short trip mileage. Aiming at the role of EV in the power grid peak shaving, the optimization model of peak and valley electricity price period was proposed and formulation was solved by genetic algorithm in [4] .In order to make up the negative impact of EV charging, the necessity of using economic incentives to encourage plug-in hybrid vehicle users to participate in DR is discussed [5] .
The direct control system proposed is based on the basic framework of the smart grid, which can realize information interaction between grid and EV in real time, and explore reasonable EV charge and discharge control strategy in consideration of the interests of users, minimize the negative impact of EV disorder charging on the power system. EV charging load profile is established by Monte Carlo simulation method.
EV Direct Intelligent Control System
Direct control management system structure of EV was shown in Fig.1 , the system can be divided into three sections, grid side, communication channel and user side, which can monitor operating condition of power grid and achieve real-time interactive information of supplier and user in real-time. This intelligent system can improve the efficiency and security of power system operation by controlling the interactive energy flow between EV and grid. 
EV Control Strategy
EV is a special kind of household appliance as a means of transport, its main function is to serve people's travel, and the charging process does not affect its normal play of function. Under the support of the modern high technology, EV can not only obtain energy from the power grid, but also to feed energy back to the grid, so there are two strategies for controlling of EV charging process:(1)charge in the period of low price, stop charging in high price period to minimize the electricity fees; (2) charge in the period of low price, discharge in high price period, and the user can obtain a certain of economic benefits, the premise is that the owner's driving behavior cannot be affected.
Objective Function
As for the control strategy (1), only the charging behavior is considered, corresponding objective function is
Where c P is the EV charging power, ) (t ρ is the price of interval t, c λ is the charging efficiency, t ∆ is length of time interval, B is the duration of the period for the EV charging. In this case, the total load of the system at interval t is
Where ) ( 0 t L is the initial load of system at interval t, N is the EV number, t i
x is 0-1variable, 1 means EV is in the state of charging, 0 means EV is in no-operation condition, ) ,
is the charging power of EV i at interval t.
As for control strategy (2), EV has both charging behavior and discharge behavior, so the objective function is
Where d P is the discharging power, δ is the compensation price, d λ is the discharging efficiency, D is the discharging time period. In this case, the total load of the system at interval t is
Where ) , ( t i y is 0-1variable, 1 means EV is in discharging state,0 means EV is in no-n condition, is the discharging power of EV . The mathematical variance can accurately reflect the volatility of the data, here the minimum of load variance is set as the objective function 
WhereT is the number of time intervals, Li P is the load at period i , t L P 0 is the original load of grid, LEt P is the total load of EV charging at period t. For strategy 1:
For strategy 2: = + α α is satisfied, which indicates the size of the proportion of the two parts. When the weight of each item is of the same value the optimization effect can achieve a comprehensive optimal result in normal circumstance, so here 1 α and 2 α are taken 0.5 [6] .
Constraint
Constraint conditions are as follows:
Where max c P is the maximum charging power of EV, min d P is the minimum charging power. 
Case Study
According to the current development of EV [7] [8] [9] [10] [11] , relevant information on the EV assumptions are made as follows:(1)the battery capacity is evenly distributed in 20~30kW.h, the charging power is evenly distributed in 2~3kW, and the discharging power is 2.5kW;(2)efficiency of EV charging and discharging is 0.9, the battery capacity price is 2500 RMB/kW·h;(3)the time user arrives home in the evening and departs in the morning is subject to normal distribution N(19, 1.52) and N(7, 0.52) respectively, and initial charging SOC obeys normal distribution N(0.6, 0.12);(4)the discharging unit compensation is 2.05 RMB/kW·h, the maximum of SOC is 1, the minimum value is 0.2, set SOC is taken for 0.9, the time interval length is taken as 0.5h.
Due to the limited popularization of EV currently, this case assumes that there are 10 EVs in a distinct, the impact of EV charging in the evening on the load and the effectiveness of scheduling strategy are studied. The daily load in the literature [12] amplified four times is taken as the daily load of this district, the TOU is taken from [6] .
In order to study different regulation effects between strategy (1) and strategy (2) , 10 EVs are arranged to be scheduled charging by the two strategies under the same scenario, and the system load peak-valley ratio, load rate and the variance of load are invoked to make comparative analysis. Indexes of different scheduling results of the two strategies are shown in Table 1 . As is shown in Fig.2 , the charging behavior of EVs didn't begin at the moment of being connected to the grid under the regulation of strategy(1), but transferred to the dawn period, namely low price period in order to save electricity expenses of consumers. Otherwise, EVs can return energy to grid with strategy(2),and thus reduce the emergency demand of energy in peak time and alleviate the degree of fluctuation of system load, also users can receive financial compensation. At the same time, the load curve is smoothed and the base load unit utilization rate is improved.
Conclusion
The direct control strategy considering charging and discharging behavior of electric vehicle through smart grid is proposed in this paper. The results indicate that the effectiveness of control strategy in consideration of charging behavior in reducing the peak load is more obvious, otherwise, the control strategy that considers both charging and discharging behavior can decrease the degree of fluctuation of load curve and improve the load ratio to a great extent, most importantly, the users can achieve a certain amount of profits, which will be conducive to enhancing the enthusiasm of users to participate in DR programs. 
